During the past 31 years we have given more than 17,000 intrasynovial injections of hydrocortisone (Compound F) into the joints, bursae, or tendon sheaths of nearly 1,300 patients for various forms of rheumatic disease (Hollander and others, 1951a, 1954; Brown and others, 1953; Hollander, 1953a,b) . Numerous confirmatory and supplementary reports in the world medical literature have shown that this method has now been widely accepted as an adjunct in the local management of arthritis and related conditions (See Bibliography).
While we have found that intra-articular hydrocortisone acetate (F a) produces a temporary alleviating effect in over 80 per cent. of all joints injected, the transitory nature of this effect limits its practical value as therapy in about one-third of our cases. Obviously, joint injections cannot be repeated every few days, even on hospitalized patients. Since the method has proved of value mainly in helping to preserve normal joint function in ambulatory patients who would otherwise be disabled by some local rheumatic inflammation, a search has been conducted to find an agent capable of prolonging the local palliative effect.
Investigations into the disappearance of hydrocortisone from the synovial fluid, which revealed the absorption of the injected hormone by the cells of the synovial fluid and particularly by the lining membrane of the synovium, were reported by us a year ago (Hollander, 1953c, Zacco and others, 1954) . The most significant finding was that the hydrocortisone acetate was apparently absorbed and retained by the lining of the synovium without splitting the ester, whereas unabsorbed hormone remaining in the joint fluid was rapidly hydrolysed and broken down.
We therefore assumed that higher, and less Since all the preparations appeared identical in the syringe, it was easy to keep the knowledge of any substitution from the patient. All comparisons were based on identical doses of hormone. Follow-up examinations were made on each patient to determine the extent and duration of the ameliorative effect of the injection on the symptoms and signs of the inflamed and painful joint. The effects were recorded and compared with similar observations made after F a injections. If comparative effects were equivocal, subsequent injections alternating the two preparations were carried out. In a few cases where both knees were about equally inflamed, simultaneous comparisons were possible. While most cases chosen were those having a transitory effect from hydrocortisone acetate, some others having had a relatively long effect were also studied.
The preparations thoroughly studied included two analogues of hydrocortisone: 9-alpha-chloro hydrocortisone (9-a-c F), and allo-dihydro hydrocortisone (A-d F) . In addition to the standard hydrocortisone acetate (F a), we also studied hydrocortisone tertiary butyl acetate (F t-B a), hydrocortisone caprylate (F Cap.), and hydrocortisone benzoate (F Benz. Much more easily measured was the duration of relief after injections. By this we found that in 101 cases (59 per cent.) the duration of effectiveness was increased by at least 3 days, and was often multiplied from two to ten times by F t-B a as compared with F a. In 59 cases (35 per cent.) no significant difference in effect was noted, and in eleven cases (6 per cent.) F t-B a produced a shorter period of relief than F a.
By the simple method of adding together total days of symptomatic relief in all 171 cases after one injection each of hydrocortisone acetate (total 1,578) and then dividing by 171, we found the average duration of effectiveness after each was 9 days. Repeating this with the data from cases injected with hydrocortisone t-butyl acetate (total 2,745) we found the average duration of effectiveness from each injection to be 16 days.
There were four (2-3 per cent.) post-injection exacerbations of symptoms in the treated joint following F a in this series, and three (1 8 per cent.) following F t-B a injection. This difference is probably not significant.
Using the more easily measured, and apparently more critical, duration of effectiveness as a criterion for comparison, we assayed the relative effectiveness of other analogues and esters of hydrocortisone in seventeen patients with rheumatoid arthritis. Table II shows how variable the comparative duration of response can be after the injection of any of the preparations. The 9-alpha-chloro hydrocortisone (9-a-cF, col. 1) produced an average of 8 days' relief, as compared with 6 days from hydrocortisone acetate in the same joints (col. 3). Allo-dihydro hydrocortisone (A-d F, col. 2) produced no alleviation in eleven cases, a transient response in five, and alleviation of symptoms in one joint for 6 days. Therefore, the average period of effect was less than 1 day following this preparation. In these seventeen patients the hydrocortisone t-butyl acetate (col. 4) produced from 6 to 30 days alleviation (average 12). Hydrocortisone caprylate (F Cap., col. 5) averaged little better than F a (7 days), though in two instances the alleviation was longer than that obtained from any other injected preparation. The last column of Table II shows the results from the injection of hydrocortisone benzoate (F Benz.). While the duration of effect in nine cases averaged 8 days, further trial was abandoned because of the high incidence of rather severe post-injection reactions (indicated by r) in the injected joints, which meant that the preparation itself was an irritant. (r) Initial exacerbation occurred after injection, then days of improvement followed as indicated.
As a ready means of comparing effectiveness of the various hydrocortisone preparations, the average number of days of beneficial effect from injection of each preparation is divided by average days of benefit following injection of the "standard" hydrocortisone acetate, to reach what we have termed a "duration quotient". This figure shows the superiority of hydrocortisone t-butyl acetate to the other prepara- Why hydrocortisone t-butyl acetate produces a longer period of palliation in a mere majority of cases, and shows no advantage over the acetate in others, cannot be adequately explained. It seems peculiar that in certain individuals the injection of hydrocortisone caprylate produced an amelioration of arthritis superior both in degree and duration to any of the other preparations studied. This superiority was repeatable consistently in these cases, yet in most others this preparation proved inferior to the rest. A few other such inconsistencies appeared on using other preparations. May it be that the synovial membranes of individuals differ in ability to absorb and utilize certain hydrocortisone preparations? Since the degree and duration of palliation obtained from hydrocortisone injection have no correlation with the intensity or length of existence of the synovial irritation, or even indeed with the type of arthritis present, the answer is certainly not yet forthcoming.
One fact, however, does emerge from these studies. In most arthritic individuals the intra-articular injection of certain analogues or higher esters of hydrocortisone can amplify both the degree and duration of the local hormone effect. The way is, therefore, open to finding other analogues or esters of hydrocortisone having a still more lasting palliative effect, which should render intra-articular hydrocortisone therapy of greater practical value as an adjuvant in the local management of a variety of rheumatic conditions. Summary (1) Hydrocortisone t-butyl acetate (F t-B a) injected intra-articularly into the arthritic knees of 171 patients has produced a greater and longer lasting palliation than identical doses of hydrocortisone acetate (F a) (F Cap.) , and hydrocortisone benzoate (F Benz), were clinically assayed in seventeen cases of rheumatoid arthritis. While benefit was increased in a few cases by one or another of these preparations, none gave such consistent improvement as hydrocortisone t-butyl acetate. In fact, the hydrocortisone benzoate proved impracticable because of synovial irritation, and the effect of the allo-dihydro hydrocortisone was markedly inferior to that of the hydrocortisone acetate in most cases.
(3) While the reason for the greater effectiveness in the local palliation of arthritic symptoms of certain higher esters of hydrocortisone remains unknown, the way appears open towards the discovery of even more effective hydrocortisone preparations for intra-articular use in the rheumatic diseases. ADDENDUM Since this report was originally prepared and presented, we have had the opportunity of assaying 9-alpha-fluoro hydrocortisone acetate (9-a-f F a) intra-articularly in 37 cases of rheumatoid arthritis or osteo-arthritis. A local anti-inflammatory effect was noted clinically from an intra-articular injection as small as 3 mg., but in most cases 5 mg. was used. Although the effective dose was decidedly smaller, the benefits in no case exceeded that of hydrocortisone acetate in degree of palliation or in duration of effect, and the duration quotient was less than 0 5. Whenever the dose was increased to 7-5 mg. into one knee, or 5 mg. into each knee, marked oedema of the leg or legs appeared and persisted for several days even though the patient was receiving no systemic cortisone.
Our findings thus confirm the marked increased anti-inflammatory potency of 9-alpha-fluoro hydrocortisone acetate noted by Boland and Headley (1954) , and the increased salt retention noted by Liddle and others (1954) . This latter effect would seem to nullify the advantage of the increased potency, at least for intra-articular use.
HIGHER ESTERS AND ANALOGUES OF HYDROCORTISONE
ventajosas, ninguna produjo mejorfas tan consecuentes como el t-butil acetato de hidrocortisona. El benzoato de hidrocortisona, por causar irritaci6n sinovia, no fu6 practico y la alo-dihidro hidrocortisona mostrose en la mayoria de los casos netamente inferior al acetato de hidrocortisona.
(3) Aunque no se conozca la raz6n de esta gran eficacia de ciertos esters en posici6n alta de hidrocortisona en la atenuaci6n local de los smntomas artriticos, el camino parece abierto hacia la descubierta de preparaciones de hidrocortisona aun mas eficaces para el empleo intra-articular en las enfermedades reumaticas. ADDENDUM Desde la preparaci6n y la presentacion de este informe tuvimos oportunidad de avaluar el acetato de 9-alfafluoro hidrocortisona (9-a-f Fa) por via intra-articular en 37 casos de artritis reumatoide y de osteoartritis.
Nuestros resultados confirman el aumento apreciable de la potencia anti-inflamatoria del acetato de 9-alfafluoro hidrocortisona (notada por Boland y Headley, 1954), y el aumento de la retenci6n s6dica (notada por Liddle y col., 1954). El ultimo efecto parece anular la ventaja de la mayor potencia, al menos respecto a su empleo intra-articular.
